Preliminary estimates of cetacean abundance in the northern Gulf of Mexico, and of selected cetacean species in the U.S. Atlantic Exclusive Economic Zone from vessel surveys by Hansen, Larry J. et al.
Preliminary Estimates of Cetacean Abundance in the Northern Gulf of Mexico, and -*
Selected Cetacean Species in the U.S. Atlantic Exclusive Economic Zone from Vessel
Surveys
Larry J. Hansen', Keith D. Mullin', and Carol L. Roden 2
National Oceanic and Atmospheric Administration
National Marine Fisheries Service
Southeast Fisheries Science Center
'Miami Laboratory
75 Virginia Beach Drive
Miami, FL 33149
2M ississippi Laboratories
P.O. Drawer 1207
Pascagoula, MS 39568
Contribution No. MIA-93/94-58
Introduction
The Southeast Fisheries Science Center (SEFSC) initiated annual, vessel-based visual
sampling surveys of northern Gulf of Mexico marine mammals in 1990 and conducted a similar
survey in U.S. Atlantic Exclusive Economic Zone (EEZ) waters from Miami, Florida, to Cape
Hatteras, North Carolina, in 1992. The primary goal of these surveys was to meet Marine
Mammal Protection Act requirements for estimating abundance and monitoring trends of marine
mammal stocks in United States waters. The surveys were designed to collect: 1) marine
mammal sighting data to estimate abundance and to determine distribution and diversity; and 2)
environmental data to evaluate factors which may affect the distribution, abundance and
diversity of marine mammals. The preliminary analyses for abundance estimation from the
1990-1993 surveys are presented in this report.
Survey Methods
The Gulf of Mexico surveys were conducted during the spring-summer period (April-
June), lasting from 15 to 55 days. The 1990 and 1991 surveys were the shortest; surveys
during 1992 and 1993 were both approximately 50 days in length. The 1990 and 1991 surveys
were conducted in one leg which sampled the off-shelf waters of the northern Gulf between
839-96o W using the survey track shown in Figure 1. The 1992-1993 surveys were conducted in
three separate legs, with one or two legs following the track shown in Figure 1, and one or two
legs sampling the area between 870-96* W using the survey track shown in Figure 2. There
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was a major difference in sampling between the two tracks. The track shown in Figure 1 was
based on a pre-determined track for sampling ichthyoplankton stations and was transited 24
hours a day. Daylight transects on this track could be latitudinal or longitudinal, or a
combination of both. The track shown in Figure 2 was designed specifically to collect marine
mammal sightings along transects perpendicular to the depth gradient. This resulted in visual
sampling on only longitudinal transects.
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The U.S. Atlantic EEZ survey was conducted during the winter of 1992, and lasted 27
days. The survey was conducted in two legs, each with equidistant transect lines placed
orthogonally to depth contours.
Visual marine mammal sighting data were collected by two teams of three observers
during daylight hours, weather permitting (i.e., no rain, Beaufort sea state <6), utilizing standard
vessel survey data collection methods for cetaceans developed by the Southwest Fisheries
Science Center (e.g., see Holt and Sexton 1987). Each team had at least two members
experienced in shipboard marine mammal observation and identification techniques. Two
observers searched for marine mammals using high-power (25X), large format "Bigeye"
binoculars mounted on the ship's flying bridge. The third observer maintained a search of the
area near the trackline without visual aids and with handheld binoculars, and recorded data.
Sighting data were recorded with a computer data acquisition program and included species,
herd-size, bearing and reticle (a measure of radial distance) of a sighting, and data on
environmental conditions (i.e., Beaufort sea state, sun position, etc.) which could affect the
observers' ability to sight animals. The reticle relative to a sighting was measured using an
eyepiece with a graduated scale in the binoculars. The bearing of a sighting relative to the
trackline was measured using a 360* graduated scale attached to the base of the binoculars.
Ancillary data also collected included, but were not limited to, time of day, position, behavior,
and associated animals. If necessary, the vessel was diverted from the trackline to identify
species and obtain herd size estimates.
In general, environmental stations were located every 30 minutes of latitude or longitude
along the cruise track. The stations included CTD/STD hydrocasts to just off the bottom, or to
500m when depth exceeded 500m. An XBT sample was obtained halfway between the
environmental stations. A thermo-salinograph operated throughout the entire cruise; surface
water salinity and temperature were recorded every minute of time. Analysis of enivironmental
data and possible relationships with cetacean abundance and distribution are not included in
this report.
Analytical Methods
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The abundance of cetacean species sighted during the surveys was estimated using
distance sampling analysis for line transect surveys (Buckland et al. 1993). Northern Gulf of
Mexico abundance was estimated for the 1991, 1992, and 1993 surveys combined, and
separately for each survey except the 1990 survey, for every species of cetacean sighted on
effort. The 1990 survey was a pilot survey, and was not used in the analysis due to
inconsistencies with the other surveys. U.S. Atlantic EEZ abundance was estimated only for
short finned pilot whales (Globicephala macrorhynchus) and for Kogia sp. Abundance estimates
were made using program DISTANCE (Laake et al. 1993). The formula used to estimate
A
density (D) was
15 = !IL^
2-L
with variance estimated as
6 2 var(n) V&(9) V&VV& (15) - + - +
n 2 g2
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where n = number of herd sightings
S = mean herd size
fo = sighting probability density at 0 perpendicular distance
L = length of transects sampled
Abundance was estimated as the density times the size of the survey area, and the log-normal
95% confidence intervals and the log-normal lower 60% confidence interval were computed for
each abundance estimate.
The northern Gulf of Mexico survey area was considered to be the waters between the
100m isobath and the EEZ boundary, a total of approximately 398,960km'. The U.S. Atlantic
EEZ survey area was consider to be the waters between the western wall of the Gulf Stream
(approximately the 180m isobath) from Miami to Cape Hatteras, a total of approximately
410,700 km'. The parameterf, was estimated using a hazard rate model and a half-normal
model (Buckland 1985, Buckland et al. 1993). The program fit thefo parameter using maximum
likelihood with exact sighting distances and model selection of fo was determined using Akaike's
Information Criterion (AIC, Akaike 1973). The length of line was determined using LORAN
positions (latitude and longitude) collected at regular intervals (usually every two minutes) along
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the transect. In some cases, the LORAN readings were were known to be in error and L for
these cases was determined using the elapsed time and average vessel speed of 18km per
hour. No attempt was made to estimate the probability of sighting animals on the trackline (g.),
which was assumed equal to one for all species. The resulting estimates do not account for
animals that were not sighted due to observer error or that may have been unavailable for
sighting (e.g., on the transect, beneath the waters surface). This effect could result in
conservative estimates of abundance. However, it is not clear that biases due to assuming g,
1 would not be countered by other effects, such as under-estimation of herd size.
The sighting and effort data were summarized by survey for the line transect distance
sampling analysis. The basic sample unit considered in analyses for the northern Gulf of
Mexico was one day's survey effort with associated herd size and sighting distance for each
sighting. Because of a relatively large number of sampling days with limited cetacean sighting
effort, U.S. Atlantic EEZ sampling units with less than 100km of effort were not used in the
analysis. Effort and sighting data were pooled across environmental conditions which may have
had different sighting rates because of effects on observers' abilities to sight animals (i.e.,
sighting rates tended to decrease as wind and wave height increased).
An exploratory analysis indicated that sightings made at small radial distances
(generally <0.247nm) resulted in a poor fit of the sighting probability density function. Exclusion
of these sightings resulted in relatively better fits and more precise estimates of fo. It was felt
that most of these sightings were of animals that were attracted to the vessel to bow ride. One
requirement for unbiased estimates of abundance is that the sighting target(s) should not move
in response to the observer or the observation platform (Buckland et al. 1993). To reduce the
potential for bias due to attraction to the vessel, only sightings made at radial distances of
>=0.247nm were included in the data summarized for the distance sampling analysis.
Examination of the bearing and reticle measurements indicated that most were rounded
to the nearest 5 units (5 degrees for bearing, 0.5 for reticle readings). The bearing and reticle
reading data for each sighting were smeared by adding a randomly selected value between -5
and 5 for the bearing, and between -0.5 and 0.5 for the radial distance. This was done to
reduce the potential for artificial grouping of sighting distances due to rounding of
measurements by observers.
Radial sighting distances (R) were calculated as
R = h -tFA arctao
Vh T80
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where h = 0.005478, modeled height of binoculars above surface in nautical miles
Y = 86.681, modeled declination parameter
B = 0.0623, a constant
r = reticle measurement.
A non-linear model (SAS 1988) to produce least squares estimates of parameters h and Y,
using ground-truthed radial distances and with the distance to the horizon determined from the
measured height (9.5m, or 0.005130nm) of the binoculars above the water's surface (page 138,
Maloney 1978). Perpendicular sighting distances (P) were calculated as
P = R - sin(b)
where b = angle between sighting and trackline.
The mean herd sizes for many species tended to be inversely related to sighting
distance, a feature which results from size bias (larger groups are easier to see at distance than
are small groups). The program DISTANCE used a regression of the herd size by sighting
distance to generate a "corrected" herd size to be used in density calculations. In most cases
the "corrected' herd size was used if it was significantly different from the arithmetic mean herd
size (p<O. 15, Student's t test, see Buckland et al. 1993), if not, the arithmetic mean herd size
was used. When significant differences existed between "corrected" herd sizes and the mean
herd sizes, they were relatively small for most species. Two exceptions were the false killer
whale (Pseudorca crassidens) and the pygmy killer whale (Feresa attenuata); their respective
"corrected" herd sizes were much larger than their mean herd sizes. This appeared to be
caused by small sample sizes and a few observations of small herds at large distances. The
arithmetic mean herd sizes for these two species were used in the density calculations because
of the possible biases due to small sample sizes. The sample size, herd size estimate, and
other parameters used in the distance sampling analysis are given in Table 1.
The sample sizes (number of herds sighted) of most species were considered
insufficient to obtain accurate and precise esitmates of fo. Sightings of species with similar
sighting characteristics were pooled to estimatefo (Table 11). For instance,fo for sightings of
Cuviers beaked whale (Ziphius cavirostris) was estimated by pooling with sightings of
Blainville's beaked whale (Mesoplodon densirostris), unidentified beaked whales (family
Ziphiidae), and dwarf and pygmy sperm whales (Kogia spp.) of herd sizes less than five. Three
species did have sufficient sightings (30 or more) to estimate speciesfo without pooling; these
were the sperm whale (Physeter macrocephatus), the pantropical spotted dolphin (Stenella
attenuata), and Risso's dolphin (Grampus griseus).
Survey Results
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The northern Gulf of Mexico surveys total transect kilometers sampled each survey
varied from 3,491-6,386 km, for a total over all the surveys of 16,271 km. More than 600
sightings of at least 21 cetacean species were made during the 1991-1993 surveys. Of these,
405 sightings, identified to species (or the genus Kogia or the family Ziphiidae), were used in
the distance sampling analysis. Table I summarizes number of sightings overall and by survey,
The U.S. Atlantic EEZ survey total transect kilometers sampled was 2866 km; 2289 krn
of was sampled in units of more than 100 km per day. Much of the survey was conducted under
relatively poor weather conditions (Beaufort sea states >4). There were a total of 61 sightings of
at least seven cetacean species. Of these, only four sightings of short finned pilot whales and
four sightings of the genus Kogia occurred ib days with 100krn or more of sampling effort, and
thus were available for the distance sampling analysis.
Analytical Results
The northern Gulf of Mexico abundance estimates for all species observed, except for
the bottlenose dolphin (Tursiops truncatus) which was not treated in this analysis, are listed in
Table III with associated statistics. The all-surveys-combined (ASC) abundance estimates
ranged from fewer than 1000 for most species to nearly 17,000 for pantropical spotted dolphins.
The coefficient of variation (cv) of the ASC estimates was relatively large (>50%)for most
species, but was about 30% or less for sperm whales, dwarf sperm whales (K simus),
pantropical spotted dolphins, and grampus. The cv's of the abundance estimates by-survey
were considerably larger for most species, although the cv's for the by-survey abundance
estimates of the pantropical spotted dolphin ranged from about 29% to 48%. The ASC and by
survey abundance estimates and associated statistics are presented in Table 111, and the
abundance estimates with 95% confidence intervals are illustrated in Figure 3.
U.S. Atlantic EEZ abundance estimates were made for only one species, the short
finned pilot whale (Globicephala macrorhynchus), and for one genus (Kogia sp.) The short
finned pilot whales estimated abundance was 749 (cv = 0.6424, log-normal lower 60%
confidence interval = 456), and Kogia sp. estimated abundance was 420 (cv = 0.5960, log-
normal lower 60% confidence interval = 264). Pygmy killer whale abundance was not
estimated, but minimum population size was taken as the count from one, off-effort sighting of
six animals.
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in the format required for line-transect distance sampling analysis, which is used to estimate
density of the species sampled (see Buckland et al. 1993, for a thorough and up to date
treatment of distance sampling techniques and analyses).
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•Table I. Number of sightings, estimated herd sizes, and sighting probabiltiy density (10) used in abundance estimates for all surveys combined and by
survey (n=number of sightings, S=estimated herd size, ALL=all survey combined, #=survey year).
SPECIES n(ALL) fo S(ALL) n(1991) S(1991) n(1992) S(1992) n(1993) S(1993)
Physeter macrocephalus 30 0.357 2.98 5 2.03 17 3.47 8 2.00
Balaenoptera edeni 3 0.499 5.60 3 5.60 0 - 0 -
Ziphius cavirostris 3 0.722 2.10 0 - 0 - 3 2.10
Mesoplodon densirostris 1 0.722 2.00 0 - 1 2 0 -
Ziphiidae 4 0.722 2.00 1 4 1 1 2 1.50
Stenella frontalis 15 0.845 31.63 0 - 6 48.87 9 19.67
Stenella attenuata 98 0.770 33.55 17 37.14 31 30.69 50 37.10
Stenella coeruleoalba 17 0.805 31.88 3 39.67 6 27.17 8 32.50
Stenella longirostris 10 0.821 29.07 0 - 5 30.11 5 23.19
Steno bredanensis 8 0.861 10.58 1 16.00 3 6.28 4 17.77
Stenella clymene 17 0.805 45.29 2 35.00 6 36.83 9 53.22
Lagenodelphis hosei 1 0.634 34.00 0 - 1 34.00 0 -
Orcinus orca 5 0.785 10.84 0 - 1 10.00 4 11.37
Pseudorca crassidens 3 0.646 19.33 1 28.00 1 24.00 1 6.00
Feresa attenuata 3 0.807 11.00 0 - 2 11.50 1 10.00
Kogia simus 24 0.705 2.46 0 - 12 2.67 12 2.25
Kogia breviceps 9 0.699 1.33 3 1.33 4 1 2 2.00
Kogia sp. 15 0.705 2.13 0 - 9 2.33 6 1.17
Peponocephala electra 5 0.643 62.2 0 - 3 82.00 2 32.50
Grampus grise us 37 0.691 8.81 2 14.50 21 7.97 14 8.00
G/obicephala macrorhynchus 4 0.648 7.86 0 - 3 20.33 1 6.00
Table II. The sightings pooled for estimating f(O) are indicated by "X" when all sightings were used, or by <# and/or ># which indicates the range of herd sizes of sightings used in
pooling. Abbreviations are as follows: Pmac=Sperm whale, Bede=Bryde's whale, Zcav=Cuvier's beaked whale, Ziph=Ziphiidae, Sfro=Atlantic spotted dolphin, Satt=pantropical spotted
dolphin, Scoe=striped dolphin, Slon=spinner dolphin, Scly=Clymene dolphin, Sbre=rough-toothed dolphin, Lhos=Fraser's dolphin, Oorc=killer whale, Pcra=false killer whale, Fatt=pygmy
killer whale, Ksim=dwarf sperm whale, Kbre=pygmy sperm whale, KsKb=Kogia sp., Pele=melon-headed whale, Ggri=grampus, Gmac=short-finned pilot whale, Ttur=bottlenose dolphin,
TtSf=bottlenose/Atiantic spotted dolphin, FaPe=pygmy killer/melon-headed whale, Ular=unidentified large whale, Usml=unidentified small whale.
SPECIES
Pool
Pmac Bede Zcav Mden Ziph Sfro Satt Scoe Sian Sely Sbre Lhos Dare Pera Fall Ksim Kbre KsKb Pele Ggri Gmae
Pmae X
Bede
Zcav X X
Mden X X
Ziph X X
Sfro <21
Satt X X X >29 >29
Scoe X X >29 >29
Sian X X >29 >29
Sely X X >29 >29
Sbre X
Lhos >29
Dare X X
Pcra <16 X
Fatt
Ksim <5 <5 <5 X X
Kbre <5 <5 <5 X X
KsKb <5 <5 <5 X X
Pele >29
Ggri <16 X >9 <30
Gmae <16 X <30
Ttur X <21 >9 <30
TtSf X <21
FaPe <30
Ular
• Usml <5 <5 <5
•Table III. A""",ndance estimates by species for the northern Gulf of Mexic\" ,.Jr all surveys combined and by survey, with coefficient of v, .ion (cv) in
%, and 95% confidence intervals (ci). Abbreviations are as follows: N=all survey abundance, CV(N)=cv of N, Nmin=lower log-normal 60% ci of N,
LN=lower log-normal 95% ci of N, HN=upper log-normal 95%ci of N, N#=abundance for survey year #, CV#=cv of N#, L#=lower log-normal 95°1c ci of
N#, H#=upper log-normal 95%ci of N#.
SPECIES N cv(N) Nmin IN HN N91 CV91 191 H91 N92 CV92 192 H92 N93 CV93 193 H93
Physeter macrocephalus 213 33.09 162.4 113 400 112 63.95 33 380 362 46.25 149 872 97 50.75 36 253
Balaenoptera edeni 56 122.3 25 6 471 259 115.29 29 2280 0 0 0 0 0 0 0 0
Ziphius cavirostris 30 58.69 19 10 89 0 0 0 0 0 0 0 0 77 59.23 26 232
Mesoplodon densirostris 10 88.71 5.3 2 43 0 0 0 0 24 91.40 5 120 0 0 0 0
Ziphiidae 78 76.01 44.2 15 409 89 78.41 22 369 12 126.84 2 90 36 78.68 9 155
Stenel1a frontalis 2660 51.54 1767.7 1012 7039 0 0 0 0 4238 82.35 959 18711 3298 71.46 867 12548
Stenel1a attenuata 16865 23.17 13911.2 10772 26403 15002 48.32 5974 37669 12537 36.96 6146 25574 24097 29.62 13540 42885
Stenel1a coeruleoalba 2847 33.71 2159.8 1496 5416 13977 58.58 4595 42506 1937 43.54 837 4486 3928 58.47 1304 11821
Stenel1a longirostris 1590 51.7 1055.4 601 4209 0 0 0 0 2116 77.06 521 8590 1607 59.72 526 4912
Steno bredanensis 485 39.98 350.7 226 1042 425 115.19 64 2801 278 58.75 90 854 1032 52.28 381 2793
Stenel1a clymene 4373 41.81 3118.9 1958 9769 1739 69.44 482 6271 3045 48.26 1213' 7638 6505 48.05 2607 16228
Lagenodelphis hosei 143 89.65 74.9 35 646 0 0 0 0 369 92.34 75 1803 0 0 0 0
Orcinus orca 283 48.84 191.7 114 701 0 0 0 0 135 97.46 26 698 602 53.99 219 1658
Pseudorca crassidens 250 69.04 147.8 69 899 559 89.21 117 2677 266 100.53 49 1438 66 108.93 11 391
Feresa attenuata 177 60.7 110.5 60 532 0 0 0 0 317 73.27 85 1194 136 112.78 22 850
Kogia simus 277 33.42 210.6 147 523 0 0 0 0 380 48.32 152 953 325 45.02 137 770
Kogia breviceps 56 39.27 40.7 27 118 86 68.01 19 644 47 52.89 17 131 47 76.04 12 185
Kogia sp. 151 39.75 109.4 70 318 0 0 0 0 254 48.28 101 635 84 66.67 24 283
Peponocephala electra 1331 47.81 908.4 538 3291 0 0 0 0 2706 55.05 959 7626 704 70.67 196 2545
Grampus grise us 1501 31.87 1155.2 780 2760 618 96.91 77 5011 1978 40.40 913 4289 1326 44.88 565 3116
Globicephala macromynchu~ 136 62.76 83.7 41 446 0 0 0 0 676 62.87 211 2170 66 120.50 10 444
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Figure 1. Map of the northern Gulf of Mexico with an example of on--effort transect lines that occurred during a survey leg which was sampled both
visUally for cetaceans and for lchthyoplankton at pre-determined stations ..
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Figure 2. Map of the northern Gulf of Mexico with an example of on-effort transect lines that occurred during a survey leg which was only sampled
visUally for cetaceans.
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Figure 3. Estimated abundance of cetacean species in the northern Gulf of Mexfco for 1991-1993 vessel sutVeys combined. Error bars represent
95% confidence intervals. Abbreviation are as foC\ows:PM=Physeter mact0C8phalus, BE= Balaenoptera edeni, ZC= Ziphlus cavltostris, MO=
Mesoplodon densltostrls. ZJ= Z1phlidae, KS= Kogia simus, KB= K br8viceP8, KK=K. sp., SF: SteneUa frontalis, SA=S. attenuata, SE= S.
coenJIeoaJba, SL= S. Ionf}/rostrts, SC= S. clymene, SB= Steno bredanensis, LH= Lagenodelphis hose/, 00= Ore/nus orea, PC= Pseudorcs
crassidens. FA: FereSB attenuata, GG= Grampus grlseus, GM= Globicephala macrorhynchus.
